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I. INTRODUCTION

Metal carbides are the most refractory of all known
materials and also exhibit high strength. Their use for high
temperature applications has been limited by their suscepti-
bility to thermal shock and also by difficulties in the machin-
ing of desired configurations. However, the incorporation of
graphite to form a series of metal carbide-graphite composites
has yielded dense, well-bonded materials which minimize the

undesirable properties of pure carbides while exploiting their
high strength.

Our earlier workl has dealt with the fabrication and
characterization of a wide variety of metal carbide-graphite
composites with particular emphasis on the NbC-C and TaC-C
systems. The materials were hot-pressed at temperatures of
2600° to 3250°C using no binder. Solid and/or liquid state
sintering under pressure at these high temperatures is the mech-
anism by which the raw powder mixture is consolidated into a
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a dense two-phase body. An extensive study has been conducted
of various compo  -tions and their properties at both room temp-
erature and temperatures up to 2800°C. These data have pro-
vided a broad picture of behavior in the various systems and

the property trends which may be expected as a function of
carbide content in any particular system. In general, the NbC-C
and TaC-C syst=ms were found to exhibit superior structural
integrity at high temperatures.

The purpose of this year's work is to build on the
broad base of information which has been established and to
obtain a better insight into control of properties. The studies
to date have shown how this may be done by raw material choice,
e.g., incorporating carbons which have different processing
historiéé, particle morphology, and purity levels. Less aniso-
tropy and greater creep resistance are two of the properties
being developed for the NbC-C composites. The specific studies
which are being conducted are as follows:

1. Carbon Source - Variations in carbon source which con-
trast with the needle coke used in earlier studies are being
evaluated.

2. Particle Size and Shape - These parameters are being
varied so as to obtain different size relationships between
the graphite and carbide phases, in an attempt to control com-
posite properties.

3. Use of Sintering Aids - Small amounts of additives
will be incorporated in the TaC-C system to obtain liquification
at temperatures lower than the 3450°C eutectic temperature.

This will permit exploitation of the densification and improved
bonding obtainable in liquid phase sintering at processing
temperatures of 3200°C or lower.
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4., Properties Evaluation - The effects of the above men=-
tioned variables upon physical and mechanical properties of
composites in both grain directions are being determined. Parti-
cular attention is being paid to creep behavior of these mate-
rials at temperatures of 2500°C and higher. Attempts will be
made to develop properties conducive to good thermal shock
resistance, i.e., increased strength and thermal conductivity,
and decreased elastic modulus and coefficient of expansion.

During this period, study of the effects of using dif-
ferent carbon sources for NbC-C composites has been continued.
High temperature flexural strength, flexural creep, and thermal
expansion up to 2550°C have been determined for the various
materials,

II. DISCUSSION

In previous work1 the source for the graphite phase
in our metal carbide-graphite composites has been calcined pet-
roleum coke (CPC). This material consists of needle-like parti-
cles which are of 3.1lu particle size. The studies which are
presently being conducted involve incorporation into NbC-C com-
posites of other carbon powders of differing morphology and
processing histories in an attempt to control properties such
as strength, degree of anisotropy and high temperature behavior.
The powders which have been evaluated include graphites, cokes
and carbon blacks. Two of the carbons were obtained from the
CMB-6 Section of IASL. Both M-=2 graphite flour and Varcum have
received considerable study by CMB-6, and have been included
for comparative tests. Other carbons such as Gilsonite coke
and Thermax were chosen to obtain more isotropic properties,
since their particles can be considered '"spherical' as opposed
to the needle coke (CPC) 'or platy Ceylon graphite which have
been shown to increase anisotropic behavior.
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In addition NbC powders of different morphology have
also been evaluated. Although room temperature data were quite
similar for the various composites, high temperature measurements
reveal significant differences in behavior. The results are
described in the following sections.

A, Raw Materials

1, Carbon Sources

Eight carbons have been considered in this study.

Six of these which have been described more fully in the last
report2 are:

1, Varcum (V) - A glassy resin coke prepared by the CMB-6
Section3 at Los Alamos Scientific Laboratory (LASL).
Particle size range - 44 to 100u.

2, M-2 (M2) -~ A graphite flour, also from CMB-6:LASL.
Particle size range - 44 to 100u.

3. Calcined petroleum coke (CPC) - A needle coke with
average particle size of 3.1lu.

4. Ceylon graphite (Cy) - A fine natural graphite, 1 to
SH..

5. Gilsonite (G) - A somewhat harder coke than CPC,

Used in a particle size of less than 74u.

6. Thermax (Th) - A fine carbon black with average parti-

cle size of about 0.4y,

3

Two additional carbons have also been incorporated
into NbC-C composites for evaluation, These are:

1. Sterling 10R (S10R) ~ A very fine carbon black with
particle diameter of less than 0.lu. Obtained from
Cabot Corporation,
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2. High expansion graphite (Hex) - A high thermal expansion
isotropic graphite powder of less than 44u. This mate~
rial was milled from rod stock by Union Carbide at

Lawrenceburg, Tennessee.

The Sterling 10R carbon black was chosen for study since it
closely resembles lampblack. Lampblack-base graphite has been
reported to exhibit much less creep than a coke-base graphite
such as ATJ (Union Carbide) under the same stress~-temperature
conditionsn4 The high expansion graphite is a development of
Union Carbide and is produced from a high thermal expansion iso-
tropic airblown coke,

Metallographic examination of these powders appear in
Fig. 1. The high expansion graphite (Hex) is similar in appear-
ance to M-2 graphite, and is not needle-like or platy as are
CPC or Ceylon graphite. The extremely fine particle size of
S10R is evident from the 1000 magnification photomicrograph.

2, NbC Powders

A very fine NbC powder was supplied by N-1:LASL for
evaluation, This material, which will be referred to as Blend
Nb-2, has an average particle size of 0.157u as calculated from
surface area (BET) measurements, As seen in the metallographic
photographs in Fig. 2, Blend Nb-2 is much finer than the Wah
Chang (SP26713C) material. Under higher magnification (1000X,
Fig. 2c) the powder appears to be aggregates of the fines,
corresponding to '"Type C'" as defined by Riley.5

NbC-30B obtained from LASL is quite similar in parti-
cle size and shape to the Wah Chang NbC. Photomicrograph of the
former was included in the most recent report.
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(a) High
Expansion
Graphite
(Union

Carbide)

(b) Sterling
10R

(Carbon-
black
Cabot)

Neg. 34059 Mag. X1000

Fig. 1 - PARTICLE SIZE AND SHAPE OF CARBON POWDERS




(Wah Chang)

(b) Blend Nb-2
(LASL)

(c) Blend Nb-2
(LASL)

Neg. 34060 Mag. X1000
Fig. 2 - PARTICLE SIZE AND SHAPE OF NbC POWDERS
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B. Processing

The mixtures of NbC and C were blended in the usual
manner of tumbling for 16 hr with rubber stoppers. Mixtures
were then loaded into the graphite dies for hot pressing. The
Ceylon graphite mixture was extremely fluffy and required prior
cold pressing at 10,000 psi in a steel die in order to yield a
blend which would fit into the mold cavity.

The very fine particle size of Sterling 10R and the
resulting high volume of material also necessitated special
handling. The S10R-NbC blend was first immersed in methyl
alcohol and then dried in order to obtain improved mixing with-
out excessive aggregation. The mixture was then cold-pressed
at 10,000 psi and hot pressed. However, operational problems
forced a stoppage at 3000°C, so the billet (77.9% density)
was crushed and the resulting powder blend was taken through
the hot press cycle again. Thus, the Sterling 10R composite
actually can be termed a 'double pressing."

During hot pressing the time-temperature-pressure
cycle was maintained a constant for the composites. The time
required to attain the pressing temperature of 3150°C was approxi-
mately 1.5 hr. Each composite was soaked at this temperature
for approximately 15 min under 3000 psi.

C. Evaluation

1. Compositional Designation

In order to facilitate simpler reference to the dif-
ferent compositions, the following abbreviations will be used
in this report for the composites listed in Table I:
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Designation Abbreviation
46.5NbC~-1V v
46.,5NbC~-1M2 M2
46,5NbC~1CPC 1CPC
46,.5NbC-1Th Th
46,5NbC~1Cy Cy
46.5NbC-1G G
46.5NbC-1S10R S10R
46,5NbC~2Hex 2Hex
46,5NbC~3CPC 3CPC

2, Fabrication

A fabrication summary for the various composites is
tabulated in Table I. All composites were designed as 75 wt%
or 46.5 vol% NbC compositions., As the metal analysis shows,
little change in carbide content occurred for the various com-
posites in processing. The extent of densification was similar
for the billets, ranging from 94.3% for S1OR to 97.4% for the
CPC body. Although some variation in carbide content and %
theoretical density was evident in any particular composite,
the ranges were quite limited and the values presented in
Table I can be considered representative,

3. Microstructure

The microstructure of the more recently fabricated
composites, i.e., S10R, 2Hex, and 3CPC, are shown for both grain
orientations in Figs. 3 through 5. Despite the gross difference
in particle size between the Sterling 10R black (less than 0.1u)
and NbC (3.6u), the resulting composite exhibits a fairly uniform
dispersion of carbide in the graphite matrix (Fig. 3) with little
porosity. In addition there is very little orientation of
carbide grains from the pressing. This is in contrast to the
other composites in which directionality for the carbide grains
was evident to varying extents, even for the composite incorpora-
ting Thermax carbon black. It is possible that the very fine

Sterling 10R carbon black may act almost like a fluid and give
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(a) Sample 3C-T
W/G)

Neg. 34619 Mag. X200

(b) Sample 3B-L
(A/G)

‘ Etchant:

Fig. 4 - MICROSTRUCTURE OF NbC-C COMPOSITE
INCORPORATING HIGH EXPANSION GRAPHITE
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(a) Sample 3C-T
W/G)

Neg. 34621 Mag. X200

(b) Sample 2A-L
(A/G)

Etchant:
Neg. 34622 Mag. X200 KsFe, (CN) g -NaOH

Fig. 5 - MICROSTRUCTURE OF NbC-C COMPOSITE
INCORPORATING FINE NbC (BLEND Nb-2)
AND CALCINED PETROLEUM COKE
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rise to a limited isostatic condition in the biaxial hot-
pressing.

The microstructure of 2Hex is similar in uniformity
of dispersion although carbide grain orientation in the W/G
direction is evident (Fig. 4). The 3CPC composite (Fig. 5)
exhibits strong directionality, similar to that for Cy or 1CPC.
Mixing was poor as evidenced by aggregation of the fine carbide,
It may be necessary to pre-dry this very fine Blend Nb-2 or
use special mixing methods to get good dispersion.

4, Room Temperature Measurements:
Flexural Strength and Moduli

As detailed in Table II, the W/G flexural strengths of
the recently prepared composites (S1O0R, 2Hex, and 3CPC) were
similar to those observed previously for the other 46.5 vol%

NbC composites. The range which has been disclosed is about
14,000 to 19,000 psi., In the A/G direction, a very low strength
of 4080 psi was exhibited by the 3CPC composite. As shown by
its other properties, the 3CPC body was extremely anisotropic
and topped the 1CPC body in directional behavior. This was
somewhat surprising in that the use of a finer carbide was
thought to be a method of realizing finer dispersion and less
directionality. The strong directionality exhibited by the 3CPC
composite may be due to a stronger orientation of the carbide
phase, The finer carbide particles may be more sensitive to

the load during hot pressing than a coarser carbide, resulting
in pronounced alignment of carbide. This would minimize any
bridging effect of carbide in the A/G direction.,

The condition here differs from the isostatic effect
suggested for Sterling 10R carbon black in that the carbide
particles are forced into a horizontal distribution by the coarser

IIT RESEARCH INSTITUTE

14 -



*2INTIBJ 03 POSSaI]s 2I9M
soTdwes xoylQ ‘uorjeurojsp pidex o3 xorad parydde ©q PINOO YOTYM S958313S ISOUSTH

- L0 6°€ 0869 089°L 080°‘% 9/V
- 96°1 T°2T  OTL°TT 000°8T O0€E€‘wI o/m DdDE-DqNG * 9%
G°01 €8°0 €°9 %omm”m 0L5°¢L oNN”HH w“<
20° L 8€°1 8°8  x0S%‘8  000°%T 0%6°ST 9/M XSHZ~-DANG 9%
%06 £8°0 ©°9 o¢m”w ONw“NH on”w 9/vV
€0°8 00°T 9°g 008°0T 09/L°LT OTS°ET 9/M MOTST-DANG 9%
° ° N 4 (4 [4
- N%.m m.wH Mwmwﬁm wwmﬁw mmw,mH w“M DT-DANG " 9%
- LS°0 9'%  x0€5°€  0%L'€  0L0S u“< .
- 61°1 L6 x088°8 09/.°TT 079°91 9/M DT-0ANG° 9%
0°€T €L°0 8°¢ %omo”o 06C°‘% oom“m w“<
99°9 T0°1 '8  x068°€ 0TZZL 098°%I 5/M YIT-0GNG 9%
11T 68°0 'S 0€5°9  069°1T omm“h w“< -
60° L LS T 0°CT O%S°TIT 0Z0°LT 06€°GT 9/M 0dDT~-DANG 9t
L°01 96°0 0°¢L oow”w ooo”NH ooH“m o“<
87°8 VZAN | L°8 006°%T O0T18°ST 098°9T 5/M CWT-D9NG 9%
06°6 96°0 T°L  %0L0%L ONN“m omeOH 2/V
18°L 87°1 6°6 00€“TIT O%9°E€T 00L°8T o/M AT-0aNG ‘9%
0o /UT/UTg.0TX p-Wo-oyuy0TX ISdg0T¥ D,00SC D,000C Id uoT3od91Id uotjeudrseq
..m..H.W Mu.m\w._”uoﬂ_vﬁou m.D.H.DUOZ Gﬂ.m.HU ._HMG.O..HU.._“ mOQEOU

1807130977 ofasery Foo UISUSIIS TRANXSTA

SHDUNOS NOFYVD INHYHAATIA ONISN
QISSddd=10H SHLISOdWOD O=DAN ¥0d AYVWIWAS SHIILIAd0Ud
IT °TqelL

-15-




needle shape of the CPC. 1In the case of the spherical S10R, there
would not be a tendency for such alignment to occur; furthermore,
the coarser carbide phase is irregular in particle shape and

not as susceptible to strong alignment.

The flexural moduli values (Table II) were also quite
similar (8.4 to 12.0 x 106 psi) to those observed for the other
composites (8.6 to 12.1 x 100 psi). The 3CPC composite again
exhibited high anisotropy; the W/G value was quite similar to"
that for 1CPC (12.1 vs 12.0 x 10° psi) but the A/G value was
significantly lower (3.9 vs 5.1 x 106 psi).

Anisotropy - Anisotropy ratios appear in Fig. 6. The

highest ratios exist for the composites incorporating the needle
coke (1CPC and 3CPC) and Ceylon graphite (Cy). This behavi or
reflects the highly directional particle shapes of these carbons.
Microstructural studies have shown that the carbide particles
also show a strong tendency to align perpendicular to the press-
ing direction. |

Lowest anisotropy was exhibited by the V, M2 and S10R
composites. The more isotropic behavior of these composites can
be considered even more desirable in that the W/G strengths are
about equivalent to those for the CPC and Cy composites, while
the A/G strengths are significantly higher. Thus, the trend
toward isotropy is gained without sacrifice in strength.
Furthermore, the moduli values for V, M2 and S10R (9.9, 8.7,
and 8.6 x 106 psi) are lower than those for 1CPC, 3CPC and Cy
(12.0, 12.1 and 9.7 x 10° psi). This is desirable in thermal
shock consideratioms.

Electrical Conductivity - Electrical conductivity data

are tabulated in Table II, and conductivity-strength relationships
are shown graphically in Fig. 7. The data for S10R and 2Hex
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appear to fit the linearity previously pointed out for the Cy,
V, M2, G, and Th composites. The 3CPC, on the other hand, is
much more conductive and is paired with 1CPC. Apparently the
graphite phase in CPC composites is much more conductive than
that formed in composites using other carbon sources. This may
be due to a higher degree of ordering of the graphite phase,
although it would seem that the composite incorporating natural
graphite (Cy) should be equally well ordered. X-ray and further
metallographic studies will be conducted to determine if this

is indeed the factor.

Another condition for higher electrical conductivity
could be continuity in the carbide phase; the resistivity of
NbC is an order of magnitude lower than that of graphite. How-
ever, microstructural studies have shown that such a skeletal
network might exist in the V or M2 composite but not in the
CPC bodies. As the data in Table II and Fig. 7 show, the elec-
trical conductivity for V and M2 are about 1.25 x 10£mho-cm—1
as compared to 1.56 x 1O4mho-cm-1 for 1CPC and 3CPC.

Electrical measurements continue to be a good indica-
tion of bonding within any single system. Where variations in
strength have existed in a billet, conductivity measurements
have been a highly sensitive reflection of such differences.

On the other hand, density data have been quite insensitive
to such variations.

5. High Temperature Measurements:
Flexural Strength

Differences in behavior of the various composites
fabricated using different carbon sources were quite pronounced
in high temperature tests. Flexural strengths at 2000° and
2500°C are tabulated in Table II and illustrated in Figs. 8 and 9.
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The nine composites have been separated into two groups: Series I
(Fig. 8) include those which exhibited an increase in strength

at 2000°C, and Series II (Fig. 9) are those which showed a
decrease in strength with temperature.

The composites which had higher strengths at 2000°C
were M2, 1CPC, 3CPC and S1O0R. As shown in Fig, 8, there was a
drop~-off in strength at 2500°C. This behavior is similar to
that observed for CPC-containing composites in earlier studies.,l
The other composites all showed decreased strengths at the ele-~
vated temperatures. In the 2500°C tests, all samples (with
the exception of V-W/G) could not be stressed to failure. The
stress levels shown are the highest which these samples could
sustain; continuation of tests resulted in rapid plastic defor-
mation and subsequent "“bottoming'' of samples on the test boat,

Some of the possible reasons for the decrease rather than an
increase in strength are summarized in the following sections.

a. Composites Containing Carbon Instead of Graphite

The decrease in strength with temperature is charac-
teristic of carbon. For the Series 11 materials, the V, G and
Th composites may still contain appreciable carben, but it is
unlikely that such a condition could exist for Cy or 2Hex which
both used graphites as raw materials., Furthermore, S10R which
showed an increase in strength with temperature can be classed
as one of the most difficult to graphitize. Thus, this may be
the reason for poor high temperature behavior for some (V, G,
and Th) of the composites, but it would not be applicable for
Cy or 2Hex.

b. Impurities Giving Rise to Plastic Deformation

Other investigators have reported that impurities,
particularly iron, have an adverse effect on resistance to high
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temperature deformation,6

The susceptibility to creep would be
relfected in lower apparent strength. This may be the reason
for the poor high temperature behavior of 2Hex since the high
expansion graphite was prepared from coke incorporating 2% iron

oxide.

c. Degree of Bonding

It is possible that carbide-graphite bonding may be
weakened at higher temperatures by thermal expansion differences,
With poorer bonding, creep by grain boundary slip is quite
possible,

In addition to the factors described above, conditions
such as porosity and size and shape of pores would also influence
strength and creep. To analyze the effect of impurities, our
raw carbons are now being characterized for their morphology as
well as purity by LASL. As soon as this information is avail-
able, attempts will be made to correlate high temperature behavior
with impurity level,

As pointed out in the Electrical Conductivity Section,
x=ray and metallographic studies are being conducted to deter-
mine extent of graphitization and its role in composite prop-~-
erties, This may provide some insight into the above mentioned
differences in behavior of the various composites.

The trend toward isotropic behavior at higher tempera-
tures has been noted in previous reports,1 Anisotropy ratios
for flexural strength data at 2500°C plotted in Fig. 6 reveal
this trend for the various composites. This behavior results
from a more rapid decline in W/G strength as compared to A/G
strength at 2500°C. For example, the data on Fig. 8 show that
the 2500°C strengths as compared to room temperature strengths
are considerably lower in the W/G direction whereas for the A/G
direction, it is about the same. It is possible that this is
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due to greater stresses in the A/G direction arising from the
hot pressing, such that the room temperature A/G values are
"abnormally'" low. These stresses, of course, would be relieved
in the higher temperature tests,

Coefficient of Thermal Expansion - CTE values for
several of the composites are tabulated in Table II and repre-
sented in Fig. 10. Also plotted in Fig. 10 are anisotropy
ratios of A/G to W/G values, 1In general, the data follows the
directional relationships observed in other properties, e.g.,

1CPC which was one of the more anisotropic composites in terms
of strength exhibited a fairly high CTE ratio. One exception
was the Th composite which was observed to be very anisotropic.
This departure from its more isotropic behavior in other prop-
erties is shown in Fig. 6. Such strong directional expansion
differences are usual for highly oriented graphite, a condition
which the Th composite does not satisfy. Additional tests will
be conducted to investigate this strange behavior.

The S10R was the most isotropic in behavior. This
concurs with its other properties as depicted in Fig. 6. The
absolute values of 8.03 (W/G) and 9.04 (A/G) x 107 in,/in./°C
are quite close to the value for pure Nbc/ of 8.50 x 1070 in./in./°C
in the range room temperature to 2500°C.

Flexural Creep - An important consideration in the

utility of a structural material at high temperatures is its
resistance to plastic deformation. 1In order to determine high
temperature structural integrity, the various materials were
subjected to flexural creep tests (four-point loading) at 2000°
and 2500°C. The stress level was set at a fairly high 5000 psi
in order to exaggerate differences among the composites.
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The total deflection observed for these various mate-
rials are depicted in Fig. 11, and the creep rates are shown
graphically in Figs. 12 (2000°C) and 13 (2500°C). Under the
conditions 2000°C/5000 psi/30 min, the order of resistance to
creep in the W/G direction was: S10R, CPC, M2, 3CPC and V.

In the A/G direction the smallest deflection was shown by M2
with slightly higher deformations for S10R, CPC, V, and 3CPC.
The other samples, i.e., Th, G, Cy and 2Hex showed relatively
high deformation. 1In the A/G direction the stress level of
5000 psi was too high for Th, G and Cy, so a load equivalent
to 3000 psi was used. Even under these reduced loads, these
composites exhibited very large and high rates of deformation
in the A/G direction and the experiments were terminated after
a deflection of 2mm.

Deformation, of course, was considerably exaggerated
in the 2500°C studies. As the graph in Fig. 11 shows, CPC and
V exhibited the best creep resistance in the W/G measurements.
At this level, M2 displayed fairly strong deformation which was
significantly higher than that shown by CPC or V. In the A/G
direction, very rapid deformation occurred; two of the tests
(V and CPC) were terminated before the 30 min duration due to
"bottoming' of the test specimen on the bottom boat. Apparently
the stress level in A/G tests must be reduced, perhaps to 2000
or 3000 spi, in order to gain meaningful differences between
the composites.

Although the data is not shown on the graphs, very
recent tests with S10R has revealed that this material shows
the best resistance to creep. In the W/G direction, deformation
was ,69mm which is slightly less than that for V (.74mm) or CPC
(.79mm). It is in the A/G direction that S10R shows a clear
superiority to the other materials tested. The deflections were:
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SIOR = 1.11lmm
M2 - 3.00mm
\Y -~ 3.18mm (extrapolated)
CpC - 3.72mm (extrapolated)

It has been reported that creep in a graphite will be
smaller as the degree of graphitization increases and as the
grain size within the material is smaller.i3 The latter condition
of smaller grain size is probably satisfied by the S10R. The
excellent A/G behavior of S10R may be attributed to a rather
random particle orientation as revealed in microstructural
studies. There was no indication of strong grain alignment per-
pendicular to the pressing direction such as that seen for CPC
or Cy, and this isotropic nature was observed in the other prop-
erties for S10R. The first condition, i.e., increased degree
of graphitization leading to improved creep resistance, appears
to be violated by the behavior of Cy. As has been reported,
impurities can be a significant effect on creep behavior, and
this may be the reason for the relatively high creep seen for
Cy. The factors which can influence creep are several in number,
e.g., porosity itself can be a factor in terms of amount, size
and shape. The complexities involved in creep behavior demand
careful analysis of several factors in order to determine the
properties of NbC-C composites which we must control to obtain
good creep resistance. Additional information is now being
gathered in an attempt to make these analyses.

Our studies are further complicated by the fact that
we have a two-phase composite, At this carbide level of 46.5 vol%,
the graphite phase appears to be a strong influence on properties,
Pure NbC exhibits very low creep at 2500°C; the higher deforma-
tions observed for the NbC-C composites as well as the variations
among the composites indicate that the influence of NbC is limited.
Furthermore, the dominance of graphite can be observed by com-
paring 1CPC (coarse NbC) and 3CPC (fine NbC). The various

JIIT RESEARCH INSTITUTE

-30-



properties including flexural creep were quite similar, suggest-
ing that the use of a finer carbide to obtain a finer dispersion .
has little effect. The influence of particle size variations

for a single carbon source will be one of the studies to be
conducted in the near future.

Flexural Creep vs Carbide Content - Tests were also
conducted at 2500°C with NbC-C composites incorporating CPC
and of varying carbide contents. The results of these studies
are shown in Fig. 13 (creep rate) and Fig. 14 (creep vs carbide
content). 1In Fig. 14, deflections after the initial loading to
5000 psi, after the 30 min under load, and after removal of load,
are shown. A peak exists at the 47 vol% NbC for A after initial
load, showing that this composition may be considered as having
the lowest modulus at 2500°C. Deformation after the 30 min
duration of the test was greatest for the 72 vol% NbC composite.
A similar peak was seen to exist in compressive deformation

studies, both at IITRI1 and LASL.9

Pure NbC displayed remarkably good resistance to creep.
This was somewhat unexpected in view of earlier experiments in
which NbC had shown greater deflection than NbC-C composites
incorporating 17, 52 or 86 vol% NbC. However, the stress level
in the previous studies was 10,000 psi whereas the present studies
are at 5000 psi. Examination of the stress-deflection curve
for NbC up to 10,000 psi shows that the deformation becomes
quite rapid above 6000 psi. It would appear then, that 5000 psi
is lower than the stress necessary (critical resolved shear
stress) for appreciable deformation in pure NbC.

Another significant finding was the A/G behavior of
these composites of varying carbide content. As Fig. 14 shows,
creep in the A/G direction for the high carbide content (86 vol%
NbC) was virtually the same as in the W/G direction. This
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correlates with the trend toward isotropy with increasing car-
bide content discussed in our Summary Report,

ITI. CONCLUSIONS AND FUTURE WORK

Examination of the high temperature behavior of NbC-C
composites fabricated using different carbon sources has revealed
significant differences not indicated in room temperature studies.
These studies have shown that properties are greatly influenced
by choice of materials. For example, strongly anisotropic be-
havior is realized using a needle coke such as CPC; isotropic
behavior is obtained through the use of spherical particles of
S10R. Data has been obtained which will aid in determining
causes of high temperature deformation; these studies should
reveal directions for optimum high temperature properties. The
outstanding creep resistance shown by certain composites suggest
narrowing of our carbon cources to a selected few. V&he follow-
ing findings are considered the most significant for this
period:

v/ 1. At a carbide content of 46.5 vol%, composites incor-
porating Sterling 10R (S10R) carbon black show the best high
temperature behavior. V&ts resistance to flexural deformation,
particularly in the A/G di{ﬁﬁtion was superior to that for any
of the composites tested. The S10R composite also exhibits low
anisotropy in its properties. YOf particular significance,

—perhaps; is the thermal expansion behavior for which the A/G
to W/G ratio is 1.13.

<

M-2 (synthetic graphite) and CPC (calcined petroleum coke) also

. The composites incorporating Varcum (resin coke),

displayed good high temperature properties. “Studies of these
materials will take a secondary role to examination of S1O0R.
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Future work will consider closer examination of the
various composites by techniques such as x~-ray, metallography,
and microprobe analysis in attempts to determine factors lead-
ing to different high temperature behavior. One experiment
will involve deliberate doping of an NbC-~C composite with
amounts of iron up to 1% to determine the role of impurities,

In other studies the effect of variations in particle
size relationships between the graphite phase (single carbon
source) and NbC (particle size = constant) will be analyzed.

In addition, the use of densification aids in the TaC-C system
will receive study. In view of its outstanding behavior, S10R
studies will be escalated.
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